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FOREWORD

The research effort described in this report was

conducted by 'the Chemical Synthes is Unit of

-Rocketdy-ne's Research Department under Contract

Nonr 1818(00)ý for the period 16 March 1961 through

15 June 1961.

., .the (,,res-ponsibleoscientist for this work was

Dr. Emil A Lawton and full time asso'ciates 'were K

.2 C 'Dr. Howard H. Rogers and John Q.' Webýer.

R.334-15,
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The Lietoy ýi fs6uin fNuO or other

nitrogen-oxygenc compo~unds in anhydrous HF was ini- 0

tia~tedas a means of synthesizing N-O-F-compdundi...

.The reaction of'lN 0wi th HF was investigated and -zý
204.

preliminary electrolysescýwereq performed to obtain

cell design data. Gas evolution was observed at

the anode but not at the cathode', indicating' that

NO may be a cathAic product. Platinum was.found

"to reduce the voltage necessary to conduct the

electrolysis as compared to nickel. Other data

K necessary f-or the cell design were determined and C

the design, of the1 cell and associated equipment is

complete.

Difluorourea was reacted with N,N difluorocarbamyl

c hlo ril d e:, acetylchl'orilde, perchloryl'/, fluo-ride,
ZI!

nitrosylrfluoride, and' nitryl fluoride under a variety

of conditions,; but atfbest', only intractable tars of

low oxidizer content were 'obtained. No new products

of interest were obtained by the reaction of ,N F
0~2 4

',with t-butyl peroxide or with ozone. Ozone did not

Sreact with NF or either isomer of N F
3 22

(Confidential Abstract)
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.9 .9'' '4INTRODUCTION ,

0 9.

'4 'A's~previousl'y reported oi this research program,, the -development of 49

direct fluorination techniques has resulted in t66e preparation of several '

.9new--compounds containing the nitrogen-to-fluorine bond. These were of

'interest as potentialrhigh-energy oxidizers or.:as intermedia~tes.. Subse- K

quently, the use of 'the electrical discharge also resulted in the formia-

tion of other new oxidizer molecules., In this report, the initiation of

.9 'still another approach towards the synthesisý of oxidizers usling electroly-,

sis (is described. Further, other reactions with difluorourea are also

described. .

Cý.7
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-DISCUSSION

ELECTROCHEMISTRY

00 ,

The electrochemical approach, in oxidizing solutions) for the preparation

of oxidizers'containing nitrogen, oxygen, and fluorine has been selected

because it offers interesting preparative possibilities for new compounds. , S

Incidentally, should such compounds be of interest, the method is adapt-

-able to "scaling up,'

0

Much work has been done in the electrolysis of ammonia, amines, pyridine'

and other nitrogen containing organic compounds dissolved in anhydrous

hydrogen fluoride. For example, some N F' was, produced With guanidine,
2 4

in.a Sions cell at 0 C and at -7 C, but not at higher temperatures

(Ref. 1 ). Tetranitromethane has been electrolyzed (Ref. 2 and 3) in

a Simons Cell, and in a divided cell with KHF as a conductivity additive
2.

to yield OF and CF,i with minor amounts of NF C F and NO . 'Hydrogen
2 4' 3'C2 6' ,02* ydoe

evolution was noted in some cases and not in others, apparently depending,

at 'least in part, upon the concentration of tetranitromethane. The elec-

"trolysis of an inorganic compound containing the N.O bond wa's reported by

Dow (Ref. 1 and 4). "Hydroxylamine dissolved in HFý in a Simons Cell

yielded no NF2OF, O2 FNO ,oor NF3 , and the analysis of products was

complicated by numerous explosions.

The probability of synthesizing relatively unstable N-O-F compounds"by

electrolysis would be expected to be increased by the. low temperatures of

, .. operation which will be used in this work. The elimination of organic

compounds, precluding the formation of stable>,CF., should also materially

2' 2

CONFIDENTIAL
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increase the possibility of forming these compounds. The work should

also be aided by the presence of nitrogen-oxygen compounds where the

nitrogen is already in +2, +3, +4, or +5 valence state; this is compared

to the nitrogen-hydrogen compounds where the nitrogen formally shows nega-

tive valence. In addition, the probability of terminating the reaction

prematurely with a stable intermediate such as nitrogen, is lessened.

Finally, chances of explosion both in the cell and in the traps is re-

duced becfa.use readily oxidizable materials will be absent.

The need for milder operating conditions was indicated by Kyryacos (Ref. 3).

He suggested that fragmentation difficulties could be reduced during the

electrochemical fluorination of 1, 2- and 1,3-propanediamine in a Simons

Cell if the cell could be operated at less than 5.0 volts. He could not,

however, find a measurable rate of fluorination below this voltage. A

definite effort will be made at Rocketdyne to keep the operating condi-

tions mild, thereby increasing the chances of synthesiiing relatively un-

stable oxidizers.

The freezing points of N2 0 -HF solutions (10 to 60 percent HF) have been

investigated (Ref. 5), and a large negative deviation from Raoult's Law

observed. Mixtures of N20 4 and HF have been used for nitration (Ref. 6).

According to Darmois (Ref. 7), nitric acid dissolved in HF dissociates to

NO3 and a proton trapped between 11F molecules. Fredenhagen (Ref. 8)

reported that the addition of KNOJ to anhydrous 1IF is accompanied by the

evolution of nitrous gases and the formation of a colorless solution.

However, solutions of KNO2 in IIF give a violet coloration when NO is

added (Ref. 9), the color being attributed to the formation of N0 2+

ion from NO+FHF. Similar results were also obtained when N20 4, N203,

and NOF were substituted for KN0.

R-334-15 CONFIDENTIAL
FORM 006.-81 PLATE REV. 1-38
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The first experiments were done at Rocketdyne with N but.NO, NOF, N ,0o ~~ 49 i2 .,,

, N 0 andINO are also. of interest. 'The electrolysis "of these compounds
23' 34

in hydrogen fluoride solution 'could be expected to present certain cotn- ¾

rosion difficulties not normally, encountered in the electrolysis of

"fluorides, because of the, presence of strong nitrogen oxidizers,. There-
",fore knoledge of metallic-corrosion, under nonelectrolyti6 as well as

anodic and cathodic conditions, was considered necessary. ,In addition,

because N 0 could be expected to behave, differently than those compounds
2 4

previously electrolyzed i~ný HF solution, some insight into the HF,-N0

"system and into the' behavior of electrodes in such a system wNs also con-°

sidered necessary, Therefore to maximize the probability of success and

to avoid false starts if possible, it was2 decided to start the research,

program with a preliminary investigation to obtain the above data. Ex-

periments were conducted to obtain only sufficient data to reach the

above objectives; therefore,,a thorough interpretive analysis is not,con-

sidered warranted,
*0

. Reaction of HF With N 0
2 4

The addition of N2 0 to HF to form a colorless solution ,(Mole ratio

HF:N0.= 14-:1) is accompanied by hissing and the copious evolution, of,,
2 4

fumes. The'large freezing point depression (Ref .2 10)_ in this system is

further evidence of a reaction.

"It is interesting to note that in destroying: ,these solutions by the o

"dropwise addition of water, very little evolution of Ywhite, fumes (o HF),.

but copious evolution of brown fumes, occurs. Apparently the water dis-

places the NO0/:,from the products of the lF-N 0• reaction,.. During this

21 20

R-334-15 -
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work,• a green, color formed, in the solution and the Con'ditions of formation"
o 

¢ 

2

were investigated. oThe addition of 0.085 moles of ice to a cold solution

of 0A036 moles of N 0, in'0o52. moles of IF caused the evolutLon'of Urown
2 4

fumes and the formation of a blue color (probably N203 ) near the ice, but

the solution stayed colorless after mixing. The further addition of 0.056
"2 moles of ice caused a green 'color to appear whýnehý darkened upon the addi'--*-'-"`'N,

tion of more: ice, This color faded very slowly over aý period ,of several

hours with the evolution of brown fumes. The conditions of., formation did

not appear to be critical and the green color was produced by several

other 2rati'os of 1F,. 'N 0 and H2 0, and by F, NAN and 20. No refere2ce

to the formation of a green color in HF has- been. found, although a violet
Q+

HF, attributed to the formation of a postulated. N2 0' ion, has been

Sreported (Ref. 9)6 .1 ",

0 

0

Current-Voltage Relationships of the Electrolytic Cell -"
o 

'2

The cell current was measured as a function of the composition of the
HF-N2 0 solution. The objective of these exper'iments was primarily to

find the composition or, compositions at which, the current was at a maxi- '

mum, for a constant applied voltage. '2

The apparatus described under Electrolysis Procedure I, page 15, was. used

with nickel, electrodes,' 'urrent peaks (Fig..1)'were obtained for HF-N 0,
2 4

at mole ratios (HF:N 2 0)_ of 400 1 and 36:1. The first, is thought to be
2 )0

a result of interaction of impurities in the HF,, and the second,, a result

"of the ionizatiozi reaction of N2 0 4;ý The decrease in current after the

"-.,,!- • ,, osecond peak is very slow and-is probablya.,dilution effect. caused by

'excess No 0

22 V-

R-334-15 C-5
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C, Thermvodyalu ahtions;fhdoe'n asedonte fxp remens, energiesofhreaction nthis-

Se~le~ctrolysis havef, indicated, thatNOranthoethani solutiogn' is By freseths
0 K .

a~~~~~~~~ ~ ~ ~ 24ehtsiika soluo.Thswya enarsut(i etaions
Thperevoltionof theydfrmae-ion scf Nxperichreaiedts but stoltheos, instead

10 0

Electrolysis ofRef.- 02 and 3) of etairmthieslto i Fpeet

00

Numereus axppr:lmer, ts wer'? pc-rf~r (4-o de-tefrmine the optimum conditions

fo thA ýlectrlvsis -f ['I-N 0r s-luti ons, (Jlt was felt that. the test

V cell d-sign coi e-eemie fer scme of the .characteristics of thec

elt-ctrolysis were known,. 'arrent exdt vc Iltag readings were takený,idth
KK0

*various electrcd- assemblies. With Th ixp-rimental arrangements..used,

- cooling was inadceluate and considerahie- increase in cell current with

-time was natl~d. At týh'.s'p nn thfe work,, more carefully controlled ex",
0Q 0

periments did nct appear bE I'justifi~cd,

Dat~t (Fig, 2 from the 4~~ct~vi i HF compared with that obtained-

- from the flectrolY sis of HT If )10 .Aidk'at.'P 'that water, a usual impurity

.in Hf,; may he rEsp~rnsihle fo-r th- bre-&.k i~n tfihe HF7 &urve atý 3,6 volts.
C

The HF'-N 0 svstem sh,ýws a svnilax brcak ,af '2.4 volts It is highly'
) 4

. K sigDnfican'! t~hat':.>n this xse.g-"s--)iu,"_-cn -was. seen only at the anode,

which is cons istent Wlith -the free- energy calcula~tion discussed above.., The
ý2

77 electrolx'sis of [iF. ,it platinum. olectrodes was included (Fig. 2) for 'com-
00

para~tive purposes [he p-ortini 4,f the cuive that has a negative slope.

was c.rre Ia, ed w ith an -11spri-'t-d rap i~d~ivt a~ck 0of the anode.0
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In electrolysis work, considerable importance is usually attached to re-

ducing cell potential to prevent decomposition.' As can-be-seen in 3Fig.' 3,
-the-use of another electrode material, such as platinum, will result in

0 ,> milder operating conditions by permitting lower voltages t6obe used. .On

theFother hanid,,; should,more severe conditions be' desired, then monel,

•> which-requires higherovoltages than nickel, could be used as the'anode.

-Other metals were also examined as, electrodes. Type 321 stainless steel,

IHastello• C, iron, Inico A, palladium and cobalt are not.satisfactorv as

anodes., Although- the first two alloys are suitable as cathodes, monel is

also suitable as a cathode. Both lead and tantalum are attacked rapidly:

without the application of-.,current.. - .

k ~Cell Design

The cell and associated gas handling 'and vacuum equipment were designed_

on the basis of the experimental data. The cell is being made relatively
' - long and thin so-that a maximum surface-to-volume rat io ris obtained for 6ý

the most efficient cooling. No gas separation system is needed because

gas is- evolved from the anode only. It will be possible to add a diaphragm

later, if desired, to decrease electrolyte mixing rates.

The cell body is being made. from stainless steel because it-apparently

becomes covered with an insulating film and therefore 'will not provide'ý

an alternate current path if a diaphragm is used. Anodic materials con-

sidered at the present time are platinum, nickel and monel.-' It is im-
- portant that the anode area be equal to, or greater than the cathode

- ' - area for maximum cell conductivity. In this design using sheet metal

C,- electrodes, the anode and cathode areas will be equal.

R-344-15 - 9

"FO 0. CONFIDENTIAL
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~'REACTIONS OF DIFLUOROUREA

The availability of difluorourea suggested its use as an intermediate in

the preparation of solid NF oxidizers.,: Since amides are readily acylated,.,

the.' reactions with a0c id halides were investigated. Cons iderable effort

Swas. spb. t to demonstrate whether difluorourea would react with difluoro-

carbamyl chloride as-follows:
cC'

NF COCl + NH CONF-b NF CONCONF + HCl2 2 2 2 2
H

//

The desired tetrafluorobiuret should be a strong acid capable of formin

salts and would possibly be a good chelating agent.

C'> 'C

40

The preaction of solid difluorourea with gaseous NF COCr proceeded slowly

,2,•

with the conversion of most of the "acid chloride r ca

the ,formation of a small amount of NH F fromthe M CONFH When ether was0 2'422
usedas solvent, no reactionoccurred,, and,. when pyridine was added to the

N I 
I

ether solution,, intractable tars, with little oxidizing power, resulted.

-.. -ITho determine if difluorourea could be acylated, further experiments were

0 ~ conducted using acetyl chloride in place of the unstable NF COCl, since
0 2

acetyl chloride acetylates ureaJM__Difluo'rourea did not react with acetyl

chloride, either alone or in. ether. When. pyridine was added, tars which

Sould not be crystallized or sublimed and which had lost their oxidizii:

power, were againproduced.

Similar <results awereo f btaine.i in attempts to redactf di aFluorourea sw th

perchloryl fluoride, perchloryl fluoride and pyridine, nitrosyl fluoride

anhnitryl fluoride, It was concluded thatdifluoroxrea ii s very resistantd.

. ,ONFIDENTIAL1

FORM 6O8.E.I PLATE REV. 1!58 > C
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"to direct substituttion,,by acid halides,, and although sm ttedcio C

tjrpes of products may hi46ve, been formed: in-the presence of pyri~dine, sideý
reactions predominated to give intractable mixtures.

REACTION& OF TETRAFLUOROHYDRAZINE

Tetrafluorohydrazine has been reacted with many compounds using t-bgltyl

pero ,xi-de as a catalyst (Ref. 11).' E~xperimental work was performed to

determine whether there is a primary reaction between these two materials---

to form tert-butoxydifluoramine, t-Bu-ONF , which might pyrolyze read -y:ý>

to form HONF. When N F' and the peroxide were heated at 140 C, the

prouct wee aetone, N 0, Siff, Methyldifluoramine, tert-butyldifluoramine
prdcs eeab P21

and IICN (probably from CH NFf ). Irradiation at room temperature with an
3 2

H-,-6 ultraviolet sourceL gave a similar mixture (except for alkyldifluoramines),

andrirradiation at -80 Cprod~iced only a trace 'of HCN.. Thus, the t-butoxy
0'

r-,adical A~composed to methyl radical, acetone and t-butyl radical, and di~d

*m> ot react with NF radical. The~ products obtained are presumed to have

Cc been formed according to the following scheme.

ICH -C -10- 11- CH COCH + C
3 3 3 ~ 3

<'HCN +ff~ -u- CH NF
-~ 32

Iglass
SiFC

I.

Pl-441 12F

CONIDETIA
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It assubeqentypoted that the thermal reaction between't-buty

peroxide and N F was attempted by workers at the _Ge~eral El6ctirilc Comn-
6C 2 4 (

pany (Ref. 12),i. They obtained formic.,`acid'ýand nitrogen te'troixide'but

none ,ýof "the desired compound.,-

:5 s. ~ RECTIONS6VITH~ OZOUNE, < -

6it was thought that the highly reactive ozone might react with binary

NF compounds to form such 'csubstances as NF 0 from NF or NF ONF from3 -3, 2
N2F. It_,was also hoped that difluorodiazine might display,, an uiisaturated
character toward ozone. However, NF symmetrical NF and unsymhmetrical

N3, N2 2
6N F-did not react with ozonized oxygen.4 Irradiation with soft ultra-

2 2
violet merely d~composed the ozone, and' had no effect on the.NF compounds.

Tetrafluorohydr'azine behaved with ozonized oxygen as-it does with ordinary
air. There was no reaction until.525 minu-tes-'-had easd hntecn

tents of the reaction vessel suddenly turned brown.

The N F isomers used in this experiment were ,obtained directly from
2 2

fluorinated urea liquid and potassium fUi4oride. The 'gaseous product from

the reaction was almost pure, containing only nitrogen and a trace of

13.

NCO FIEN IA

Ic ~ ~~~~ FOM.5-- LT t .1-8
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EXPERIMENTAL DETAILS

*REACTION OF HF AND) N 20 1,- K

24

Whnitrge terxd (2. 0l 40 m05 8i moles) was8ade pord&olto 1ff, (4.2, ml;20 oesi

ante ex210 ermoes, , Mathson additione ina acsemptansparent violentu. hisiglHw

reagernts andsicontaies weeot oed inn~h adiceo~ beore s.Te N 4 'disol,
24

rectiithted formationd ofeaslmnylowsltorcopned by viortd ae etr.Afltenthis

'C K'sing and initiaealutio ofdre fumes thes vaorkkg spce above0 C'whe soutio

stitwas coore liht~nilee brown.y. No siniicn difrnc ol

"K~~~~~ 4' 00 o ~ mls 2.
Whduen Nro m47 8ecntt m wasimu adde to I' mlr121n i

anotheelcrodexperment thered adintion tas acompanied byrvolen hasboveHow
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Electols-sProcedure I

A transl-ucen't Kel-F beaker, 37 mm IDP 65 mm deep, with 5 mm walls was
0 - ** C

,~ue.The strip electrode 7 mm wi dth, were imesdto a depth

of about 18 mm, in the 'solution and' were'spaced' 13 mm apart. The beaker

vas immersed in-'an ice ifath over the solution level during electrolysis.

Electrolysis Proc~dure II

A'transparent Kel-F beaker, 26 ~mm ID, 355'mde ih~32mm walls

was used with 10 x 10 mm -sheet_ým-etal electrodes. The electrodes we r e

ýfully immer/sed into the solution, and connected by an extensionof'h

"' smemetl,'j to 2 -mwide. Spacing was 10 Mm.

-,6ELECTROLYSIS OF COMMERCIAL HF

The electrolysis of liquid HF (Matheson) was conducted with nickel elec-

'~trodes and with platinum electrodes,, using Electrolysis Procedure II. The

data (Fig. 2) also include that from the electrolysis of HF-H 0, (Mole

ratio 17: 1) 'under the same conditions. 'K

~N 6*No attemp~t" ~md to Lo(ýmpensate for the::loss of HF' or. N 04 ýby
-vaporiZation.

C**If strip electrodes were unavailable, then rods were used in-such a -
0.

way that an equivalent, area was exposed.

'a'**Tha use ýof ca transparent'Kfd IFbeaker permitted the visual observation
ofthe)-electrblysis. and the reby, the ,-initiation'" of 'gas evolution.
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ELECTROLYSIS OHF-N 0 5C,

Electrolysis 'of' HF-N 0solutions,5 in the mole ratio of 18: l,using Ele-c-
204

trolysis Procedure II with nickel electrodes,-is shown. in Fig. 3. Th.

substitution 'of platinum. for.. the 'ni~ckel cathode had little,'"~ffedt.. How-

ever, the subst5Ptution. of a platinum anode caused a signif~;~l ' increc-se

~ur~ntd~nityat gien'appied voltage. The use of platinum-forý

,~Iboth the anode- Land cathode electrodes (Fig. 3): resulted in-an almost

.5identical curve and an additional increase in cell current 'at, a.give

applied voltage.

0ý The data from an .experi ,mentcusinig 'a palladium anode ýwith a nickel. cathode

'50 shows a sharp break in5 the curve at 1.7 volts:-and 6 milliamperes;4 however

gas e~volution, did not start until the 'curen~t~delivered was 150* milli-

. ' amperes at 2.'0 volts. The remainde'r'of the curve was silmila to',bt

.. underneath the platinum curves.ý As might be ex~pected from the. delayedo
.5 "4

start of gas evolution, attack5 on the palladium was very severe." 05

Dissolution ,of both nickel and platinum were also noted,reaching 3 to 10

percent based on the current passed,.Oand assuming a valence change of two

I or nickel and four, fo.5ltiu..
.05

Electrolysi~s - Area Effects CO

5,

One ni'cke~l electrode, 19.3 mm wide and -one- nickel electrode, 3.0 mm wideý,

C, were used, alternately as anode and cathode (Electrolysis Procedure I).
.4x,7.(

*Significantly'higher currents were-mesu~rcdi-;hen the la.rgrer electrode was
us~ed ýas the anode. For example at 7.v).tA milliamperes were meas-" '&

ured with the narrow anode, -and 530,mill~iamperes with the wide anode. Wi~th'

0, two wide,, electrodes, the curve-was almost identical to(,-.hat obtained w-ith fý

the wi deý anode and narrow cathode, "?-'
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CORROSION TESTS

Several metals~were tested for corrosion resistance i.n--a-solution ofC' , [[" '/, O

N 0 4 ."(3"9 ml; 62 m moles) in HF (47 ml; 2320' m moles).' T-hses were'C ' •C C'

-, nicke]? monel, Hastelloy C,,IncoA, and Type 321 stainless ýýteel. The

metal strips,,and rods'were mounted in Teflon to prevent electrical con- " _

', ' tact, 'then placed in a Kel-F tube and-permittedto stand for 17 hours C

C.at about 18 C. The tube, was" stoppered but no other attempt. wns Imade to

exclude moisture.. The amount of, .corrosion, as determined by weight loss,
C' C' C'!•

was negligible.
-:" o : C'.' oC,: 0C" C'

C' , > oo C'

0 0

o0
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C' C', o'
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""a Investigations Of lthe HF-N2 0 ,system have led to a suitable electrolyftic -s at

cell design which is nowunder construction. A gas handling vacuum system

0composed of f1uorocarbfonhpoymer ais ofdimuta has been designed and parts "o 0 i
'• ordered.. 0 0 '•

cnemist.atonsaof the HF-N activem will contin de. -i s p l d so

nvs~tigatiL rdsoni 0h syHntoem a hoe. Ratoso aiu

o , determine tnhE chara•• cteristics oft copper, go-ld, manganese and chromium.as•
: ~anodes., In addition,?the ac condiuctance of the system' will be determined , ,.-',-

as a function~of percent N 0, Furt•her work will alsoibe done with dcC

0,0current-voltage curves•,,at, several specific N2 0 4 concentrations. 0o

CCO

• •. : ~The o-substitution, of ,other solutes, ( for.• NOz 0 is'~alsot . being_ considered, • 0v '

although it is ,planned to star~t electrolysis of, HF-N• 0 as soon as the 0 o

.cell and associated equipment are ready. ,> 0

0 { " , ,'" 0 ":' , " <•Oc, 4

'-: Furtheri~study of the raactions of difluorourea have,..ihown no promising.

• . . .. - . . .0A -u b
•- chemisti'y. Reactions with active halogen compounds did, nof' yleldasub

S ... , ' sitution products on the N-H nitrogen as hoped. Reactions of various

"" , •r .~ , i rg e-fluoi ne m ouds with ozone gave.•n~o new pr, oiucts-. 0 -
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